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© Cable television networks. 

© A cable television network of the switched-star 
type is shown, in which individual television channels 
are supplied to subscriber's terminal equipment (36) 
via switching nodes (33). The switching nodes are 
controlled in response to switch control signals, sup- 
plied from a remote control node, wherein each 
control node supplies switch control signals to a 
plurality of switching nodes. Channel selection data 
is supplied from the terminal equipment to the con- 
trol nodes over the respective drop cable (35), the 
switching node (33) and the trunk cable (31). Switch 
control signals are supplied back to the switching 
nodes over the trunk cable. Control nodes may also 
be added to a previously wired tree and branch 
network, giving said network the operating character- 
istics of switched star network. 
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CABLE TELEVISION NETWORKS 



The present invention relates to cable televi- 
sion networks, of the type comprising a trunk ca- 
ble, for transmitting a plurality of multiplexed televi- 
sion channels and a plurality of terminal units, each 
arranged to selectively receive television channels. 

In a switched type of television network, 
switching, to select a channel, occurs remotely 
from the terminal equipment, at switching points, 
often referred to as hubs or nodes. A television 
network o this type is disclosed in United States 
Patent No. 4,302,771 in which each exchange re- 
ceives multiplexed channels over two trunks. A 
major problem in the design of such networks is 
the calculation of the optimum number of subscrib- 
ers to be connected to each node. In known sys- 
tems, each node includes both dedicated hardware, 
relevant to only one subscriber and hardware which 
is common to ail of the subscribers connected to 
that node. The problem arises because optimum 
use of cable and transmission power is made if the 
number of subscribers connected to a hub is small 
because the overall length of cable used is re- 
duced. However, optimum use of common equip- 
ment is made if the number of connections is large 
because more subscribers may make use of each 
set of common equipment. 

It is an object of the present invention to pro- 
vide an improved cable television network. 

According to the present invention, there is 
provided a cable television network of the aforesaid 
type, characterised in that, the full multiplex of 
television channels, transmitted via said trunk ca- 
ble, is supplied to each of a plurality of switching 
nodes; channels selected by a terminal unit are 
supplied to said terminal unit by a switching node, 
in response to switch control signals; and switch 
control signals are supplied to a plurality of switch- 
ing nodes from a common control node, in re- 
sponse to channel selection data supplied to said 
control nodes from said terminal units. 

The invention will now be described by way of 
example only with reference to the accompanying 
drawings, of which: 

Figure t illustrates a conventional tree and 
branch type cable television network; 

Figure 2 illustrates a conventional star type 
cable television network; 

Figure 3 shows a cable television network of 
the type illustrated in Figure 2, embodying the 
present invention; and, 

Figure 4 shows a cable television network of 
the type shown in Figure 1, embodying the present 
invention. 

An example of a conventional "tree and 
branch" type cable television network is shown in 



Figure 1, in which all of the available programme 
signals are supplied to all of the subscribers. Tele- 
vision signals, in the form of a frequency multiplex, 
are supplied to a trunk cable 15 from a centra! 
5 distribution centre 16, commonly referred to as the 
"head end". The trunk cable ("tree") may travel for 
several kilometres in length and a plurality of such 
trunks may be supplied from a head end, running 
in different directions throughout the area of cov- 

10 erage. The signals are supplied to secondary ca- 
bles ("branches") 17 via wide-band amplifiers 18, 
from which drop cables 19 are derived, via taps 20, 
to supply all of the signals to each of a plurality of 
subscribers 21 . 

75 Thus, it can be seen that the tree and branch 
type network is analogous to broadcasting by elec- 
tromagnetic (EM) propagation and was generally 
developed in areas where off-air reception was of 
poor quality or not available. In addition, it may 

20 provide a wider bandwidth than that available to 
EM broadcasters, leading to greater programme 
choice. However, a problem with the tree and 
branch network is that it does not facilitate the 
ability to restrict viewing to some subscribers of, 

25 say, pay channels, therefore, such channels must 
be encoded (scrambled), with only paid-up sub- 
scribers having the means for unscrambling the 
encoded signals. 

The scrambling and de-scrambling of television 

30 signals requires additional hardware, adding to the 
cost of the system, and may degrade picture qual- 
ity. Picture degradation has become particularly 
pertinent in recent years given that cable systems 
must compete with very high quality direct broad- 

35 casting by satellite. There is also a risk that un- 
authorised users may de-scramble the picture with- 
out making the necessary payment, fuelling the 
design towards greater scrambling sophistication, 
which in turn leads to greater signal degradation 

40 and higher equipment cost. 

A network topology, designed with the aim of 
overcoming the disadvantages of the tree and 
branch type system, is shown in Figure 2 and is 
commonly known as a "star" type network. Like 

45 the tree and branch network, trunk cables 25 ex- 
tend from a head end 26 via a series of wide-band 
amplifiers 27. At each amplifier 27, a secondary 
, cable 28 splits away from the trunk but, rather than 
being tapped off to supply drop cables directly, the 

so secondary cables supply the full bandwidth of sig- 
nals to distribution hubs 29, from which drop ca- 
bles 30 are then supplied to subscribers 21 A. The 
hubs 29 include filters which may be activated to 
restrict the number of channels supplied to individ- 
ual subscribers. Thus, pay channels may be placed 
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with a particular range of transmission frequencies, 
which may only be supplied to a subscriber if that 
subscriber has made the necessary payment. 

A further development, based on the star topol- 
ogy, is the switched star network, in which the 
hubs contain switches, controlled by the subscrib- 
er, which are arranged to select one of the many 
available programmes supplied on the trunk 25 and 
to supply just that one selected program onto the 
subscribers drop cable 30. Thus, in the switched 
star network, a substantial saving is made by the 
fact that the bandwidth of the drop cables 30, 
making up a very large proportion of the total 
cabling of the network, may be significantly re- 
duced. Operational improvements may also be 
made because the system "knows" when a chan- 
nel is being viewed, thus, viewers may be charged 
for what they actually view, without committing 
themselves in advance, as required by scrambled 
cable systems and satellite systems. The provision 
of means for transmitting data back from subscrib- 
ers to the head end also facilitates two-way com- 
munication for other purposes, such as polling, 
ordering goods and services or even the transmis- 
sion of data between individual subscribers, via the 
upstream equipment. 

The switched star type network appears to 
provide a more sophisticated service, however, the 
trade-off for being able to use less expensive cable 
and not requiring scrambling means, is that more 
hardware is required in the form of control electron- 
ics, to perform the switching function. 

In a typical switched cable television network, a 
selected programme channel is supplied over the 
drop cable at a frequency which may be received 
by a conventional television receiver, thereby re- 
ducing the requirement for additional demodulating 
equipment at the subscriber's end. Additional 
switched, or non-switched channels may also be 
carried by the drop cable, by frequency division 
multiplex, while still maintaining the bandwidth re- 
quirement of the drop cable significantly below that 
of the trunk cables. 

At a switching node 29, a selected channel is 
obtained from the trunk 28, or one of the trunks in 
a multi-track system, and placed on the selecting 
subscribers drop cable 30 at the predetermined 
frequency. The operation of a switch in this way is 
referred to herein as the primary switching function, 
that is to say, in response to a switch control 
signal,- a programme signal is selected and sup- 
plied onto a drop cable 30. In addition to the 
primary switching function, secondary functions are 
also performed, which may be summarised as fol- 
lows: 

a) Generating the switch control signal, 

b) Relaying channel selection data back to the 
head-end, and 



c) Providing additional services. 
A cable television network requires a significant 
data processing capability, therefore, a computer is 
provided at the head-end 26, however, even with 

s relatively small networks, the head-end computer 
does not directly control all of the activities of the 
network, therefore, in known switched-star net- 
works, a significant amount of the processing pow- 
er is provided at the switching nodes 29. 

10 A cable television network, of the switched star 
type and embodying the present invention, is 
shown in Figure 3, in which elements for perform- 
ing the switch control function are not located at 
the switching points and are, therefore, separated 

rs from the primary switching elements. A trunk cable 
31, or a plurality of such cables, carries the full 
multiplex of available signals through taps 32, 
which in turn supply said signals to switching 
nodes 33, as in conventional systems, and, in addi- 

20 tion, also supplies the multiplex to separate control 
nodes 34. The control nodes contain the distributed 
processing power, each control node 34 includes 
the control electronics to control not just one, but a 
plurality of switching nodes 33. 

25 Subscriber's drop cables 35 convey selected 
signals to the subscriber's terminal equipment 36 
and each switching node includes a switching de- 
vice for each subscriber connected thereto, ar- 
ranged to select a channel from the trunk and 

30 place it on its respective drop cable, in response to 
a switch control signal thus performing the primary 
switching function. Control signals and selection 
signals are conveyed over the network via data 
channels, provided by multiplexing data signals 

35 onto the trunk or drop cables, using suitably tuned 
modulating and demodulating devices (modems). 

Channel selection is made by subscribers, of- 
ten using hand-held remote control units and the 
subscriber's terminal equipment 36 includes means 

40 for storing an indication of a selected channel, until 
said means is polled by its respective control node 
33; many polling cycles take place each second, 
ensuring that no noticeable delay occurs between 
channel selection and the selected programme be- 

45 ing supplied to the subscriber. In the network of 
Figure 3, polling is initiated by the control nodes 
34, working independently and simultaneously. 
During a polling cycle, a control node 34 polls all of 
the subscribers terminal equipment 36 connected 

so to all of its respective switching nodes 33. On 
being given an opportunity to send channel selec- 
tion data, a terminal equipment 36 sends said data 
to its switching node, which in turn relays said data 
to its control node, without any signal processing 

55 occurring at the relaying switching node 33. At the 
control node, the data from the terminal equipment 
36 is received, and the particular subscriber is 
identified by said subscriber's particular time slot. 
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Thus, the data channel is provided by frequency 
division multiplex and data on that channel is di- 
vided, on a subscriber basis, by time division mul- 
tiplex. 

The control nodes are programmed by the 
head end, with data relating to the programmes 
available to each subscriber, thus, in a typical 
network, a plurality of levels of service may be 
available. The control nodes 34 determine whether 
a selected channel is available to a selecting sub- 
scriber and generate suitable control signals for the 
switching nodes 33. The control nodes include 
means for providing communication, over an addi- 
tional frequency channel, via a tap 32, to their 
respective switching nodes 33, by means of unique 
address codes. The additional channel is used for 
supplying switching control signals (and access 
denied signals) to the switching nodes, for each 
subscriber connected thereto. 

In addition to being connected to the trunk 31 
via a tap 32, the control nodes 34 are also con- 
nected to said trunk via a tap 37. The control 
nodes 34 include suitably tuned modems, allowing 
them to communicate, via taps 37, with the head- 
end computer. A control node may be considered 
as controlling a set of subscribers, divided into a 
plurality of sub-sets, with each sub-set having its 
own respective switching node. 

In operation, the head-end computer 26 sup- 
plies subscriber access data to each control node 
34, wherein, each control node receives access 
data for its respective set of subscribers. A sub- 
scriber 36 selects a channel and the channel selec- 
tion data is transferred to a control node 34, via a 
switching node 33, in response to a polling signal 
from the control node. In a polling cycle, having a 
period of less than one second, the control nodes 
34 poll all subscribers in their set. On receiving 
channel selection data, a control node 34 consults 
access data from local memory, to determine 
whether the selecting subscriber may have access 
to the selected channel and. if so, the control node 
sends a switch control signal to the switching node 
33, having the selecting subscriber in its sub-set, 
thereby supplying the selected channel to the se- 
lecting subscriber. 

Channel selection data is stored at the control 
nodes, comprising a list, for each subscriber in its 
set, of all channels viewed and for how long. Over 
suitable intervals, say on a daily basis, the head- 
end computer polls the control nodes one-by-one, 
so that the control nodes may down-load channel 
selection data to the head-end computer. Thus, 
communication between subscriber terminal equip- 
ment, switching nodes and control nodes may be 
considered to take place in real-time, while com- 
munication between the control nodes and the 
head-end computer takes place under the control 



of the head-end computer. The head-end computer 
is, therefore, relieved of performing any real-time 
control functions and is left to handle ail of the non 
real-time data processing functions. 

5 The advantages of the network topology shown 

in Figure 3 are very substantial because said topol- 
ogy improves the options available to the network 
designer, who must not only take account of sup- 
plying initial subscribers with a service but who 

io must also make provision for satisfying customers 
who request the network at a later date the pos- 
sibility of customers discontinuing their subscrip- 
tion, resulting in a switching device and its asso- 
ciated cable being tied-up, without the service sup- 

75 plier receiving subscription payments. 

In designing an optimum switched star type 
system of the conventional type, a designer was 
faced with a dilemma. To reduce costs, control 
functions should be shared between as many sub- 

20 scribers as possible, encouraging the designer to 
use switching nodes with a large number of drop 
cables connected thereto. However, as the number 
of subscribers connected to a hub increases, the 
average length of the drop cables also increases, 

25 thereby increasing the cost of wiring up the net- 
work and also increasing the power requirement for 
transmitting signals over said cables. Thus, to re- 
duce these costs, is it desirable to have a small 
number of subscribers connected to each hub, 

30 which in turn reduces the extent to which control 
equipment may be shared. 

Experience has shown, that a good compro- 
mise is to provide switching nodes with up to 
sixteen subscribers connected thereto. However, 

35 by employing the network of Figure 3, switching 
nodes 33 may be economically configured with as 
few as four subscribers 36 connected thereto, be- 
cause the amount of shared equipment at each 
switching node 33 is greatly reduced. However, 

40 using commercially available microprocessors, a 
control node 34 may provide control signals for a 
thousand, or even more, subscribers, without any 
noticeable deterioration in switching speed. Fur- 
thermore, by using the optimum length of drop 

45 cable 35, the quality of the programme signals 
supplied may be improved, while at the same time 
minimising power consumption. 

So far, the only aspects of the system which 
have been considered are those of the basic func- 

so tion, that is, primary switching, switching control 
and channel selection. However, additional services 
may be provided which are not available to EM 
broadcasters, whether ground-based or satellite. 
Thus, provision may be made for supplying signals 

55 generated within the network itself or for storing 
pictures, which in turn requires the provision of text 
generators and frame stores. These are relatively 
expensive devices which could not, for commercial 
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reasons, be provided, in known systems, at each 
switching node. However, with the ability to share a 
function between one thousand subscribers, the 
cost per subscriber becomes realistic if such de- 
vices are provided at the control nodes 34. 

Part of a tree and branch network is shown in 
Figure 4, which has been modified in accordance 
with the present invention. A secondary cable 41 
extends from a main trunk cable 42, via a wide- 
band amplifier 43. Taps 44 are provided in the 
secondary cables which, for unconverted subscrib- 
ers, supply a respective wide-band drop cable 45 
to a subscriber 46. A subscriber is converted, in 
accordance with the present invention, by inserting 
a switching node 47 into the drop cable between 
the tap 41 and the subscriber's terminal equipment 
46. 

In addition to introducing switching nodes, a 
control node 48 is introduced between amplifier 43 
and the first tap 44, arranged to supply switch 
control signals to the switching nodes 47, in re- 
sponse to channel selection data from a hand-held 
controller 49. The control node 48 also commu- 
nicates with the head-end, via a suitably tuned 
modern and a tap 50. Thus the invention allows a 
network configured as a tree and branch to be 
modified to provide the logical functions of a 
switched star network, while retaining the original 
cable paths. Furthermore, not all subscribers need 
to be modified, as they may still receive the wide- 
band signal direct from the trunk. 

Claims 

1. A cable television network, comprising a trunk 
cable (31) for transmitting a plurality of mul- 
tiplexed television channels; and a plurality of 
terminal units (36), each arranged to selec- 
tively receive said television channels: 

characterised in that, the full multiplex of 
television channels, transmitted via said trunk 
cable (31), is supplied to each of a plurality of 
switching nodes (33); 

channels selected via a terminal unit (36) 
are supplied by a respective switching node 
(33) to said terminal unit, in response to switch 
control signals; and 

switch control signals are supplied to a 
plurality of switching nodes from a common 
control node (34), in response to channel se- 
lection data supplied to said control nodes (34) 
from the terminal units (36). 

2. A network according to claim 1, wherein a 
plurality of control nodes (34) are connected to 
said trunk cable (31) and switch control data is 
supplied to said switching nodes (33) from a 
control node (34) via said trunk cable. 



3. A network according to claim 2, wherein chan- 
nel selection signals are supplied to said con- 
trol nodes (34) from terminal equipment (36) 
via a drop cable (35) a switching node (33) and 
s the trunk cable (31). 



A network according to claim 2 or claim 3 in 
which switch control signals are addressed to a 
plurality of switching nodes over a common 
frequency channel. 
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5. A network according to any preceding claim, in 
which up to a thousand subscribers are con- 
trolled by a common control node. 

6. A network according to claim 5, in which be- 
tween 1 and 100 subscribers (forming a sub- 
set of said set) receive television channels 
from a common switching node. 



7. A method of transmitting television signals 
over a cable network comprising the steps of: 

requesting a programme channel by 
means of a channels selector (36), and 
25 supplying channel selection data to a con- 

trol node, 

characterised by: 

generating control data at said control 
node and selectively supplying said control 
30 data to one of a plurality of switching nodes, 
wherein said one selected switching node is 
connected, via a drop cable, to the selecting 
subscriber 

and, at said selected switching node, sup- 
35 plying the selected channel to the selecting 

subscriber. 



8. A method of transmitting television signals ac- 
cording to claim 7, characterised by generating 
polling signals at said control nodes and apply- 
ing a polling signal to each subscriber in turn 
during a cycle, wherein subscribers supply 
data to said control nodes after being polled. 

9. A method of transmitting television signals ac- 
cording to claim 7 or claim 8, characterised in 
that selection data is supplied to said control 
nodes via said switching nodes. 

10. A method of transmitting television signals ac- 
cording to any of any claims 7 to 9, charac- 
terised by interrogating said control nodes to 
supply viewing data to a head-end computer. 
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